This led us to the decision to compile into a book selected parts of the vast knowledge of floating-point arithmetic. This book is designed for programmers of numerical applications, compiler designers, programmers of floating-point algorithms, designers of arithmetic operators (floatingpoint adders, multipliers, dividers, . . . ), and more generally students and researchers in numerical analysis who wish to more accurately understand a tool that they manipulate on an everyday basis. During the writing, we tried, whenever possible, to illustrate the techniques described by an actual program, in order to allow a more direct practical use for coding and design.
The first part of the book presents the history and basic concepts of floating-point arithmetic (formats, exceptions, correct rounding, etc.) and various aspects of the 2008 version of the IEEE 754 standard. The second part shows how the features of the standard can be used to develop effective and nontrivial algorithms. This includes summation algorithms, and division and square root relying on a fused multiply-add. This part also discusses issues related to compilers and languages. The third part then explains how to implement floating-point arithmetic, both in software (on an integer processor) and in hardware (VLSI or reconfigurable circuits). It also surveys the implementation of elementary functions. The fourth part presents some extensions: complex numbers, interval arithmetic, verification of floating-point arithmetic, and extension of the precision. In the Appendix, the reader will find an introduction to relevant number theory tools and a brief presentation of the standards that predated IEEE 754-2008.
